Prenatal exposure to influenza has previously been associated with increased risk of bipolar disorder (BD), an association that may be mediated by maternal cytokines. The objective of this study was to determine the association between maternal levels of cytokines measured during each trimester of pregnancy and the risk of BD in offspring. We conducted a case-control study nested in the Child Health and Development Study, a birth cohort that enrolled pregnant women in [1959][1960][1961][1962][1963][1964][1965][1966]. Potential cases with DSM-IV-TR bipolar I disorder, bipolar II disorder, BD not otherwise specified, and BD with psychotic features were ascertained through electronic medical records, a public agency database, and a mailing to the cohort. Diagnoses were confirmed by clinical interview. Nine cytokines (IL-1b, IL-4, IL-5, IL-6, IL-8, IL-10, IFN-c, TNF-a and GM-CSF) were measured simultaneously by Luminex assays in archived prenatal maternal serum samples from 85 cases and 170 matched controls. Data were analyzed using conditional logistic regression. In the overall study sample, there were no significant associations between prenatal maternal cytokine levels and BD after adjustment for confounders. The risk of BD without psychotic features was decreased among subjects with higher maternal levels of first trimester log-transformed IL-4 (OR (95% CI) = 0.76 (0.58, 0.98); p = 0.04) and third trimester log-transformed IL-6 (OR (95% CI) = 0.64 (0.42, 0.98); p = 0.04). In conclusion, higher levels of prenatal maternal cytokines were not associated with increased risk for BD. Further studies with larger samples are necessary to confirm the finding.
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Introduction
Bipolar disorder (BD) is generally thought to result from a combination of genetic and non-genetic factors (Rush, 2003) . The potential relevance of exposures occurring during the prenatal period is suggested by structural brain abnormalities associated with BD (Nasrallah, 1991) and by evidence that the risk of BD is increased among offspring of pregnancies affected by obstetric complications (Hultman et al., 1999; Kinney et al., 1993 Kinney et al., , 1998 , pre-term birth (Nosarti et al., 2012) , exposure to famine (Brown et al., 2000) and maternal smoking (Talati et al., 2013) . Moreover, the overlap in clinical features and genetic risk factors between BD and schizophrenia (Lin and Mitchell, 2008; Purcell et al., 2009; Smoller et al., 2013) suggests that non-genetic risk factors may be shared as well. Prenatal exposure to maternal infection has been repeatedly identified as a risk factor for schizophrenia (reviewed in Brown, 2011). The findings that IL-8 was elevated during the second trimester among mothers of persons with schizophrenia (Brown et al., 2004) and that TNF-a and IL-8 were elevated in late pregnancy among mothers of those with psychosis (Buka et al., 2001) indicate that this association may be mediated through immune activation, including altered cytokine levels. Prenatal maternal immune activation has been demonstrated to disrupt neurodevelopment in animal models (reviewed in Patterson (2009)).
There have been relatively few studies on prenatal exposure to infection and BD (Brown, 2015) . Recently, a clinical diagnosis of maternal influenza was associated with a nearly fourfold increased risk of BD in the Child Health and Development Study (CHDS) cohort Parboosing, 2013. Serologically documented maternal influenza was later found to confer a fivefold increased risk of BD with psychotic features, but not without psychotic features, in the same cohort (Canetta et al., 2014) . Findings from other studies of influenza exposure that were not based on antibody measures in
